Collision-Induced Dissociation Ion Mobility Mass Spectrometry for the Elucidation of Unknown Structures in Strained Polycyclic Aromatic Hydrocarbon Macrocycles.
Structure determination of unexpected products obtained during synthesis of large carbon nanotube sidewall segments with more than 200 carbon atoms represents a challenging task for traditional analytical methods. Herein, we investigate a homologous series of four products having the same number of carbon atoms but slightly different hydrogen numbers ranging from 168 to 162. We demonstrate that the combination of mass spectrometry, ion mobility separation, and collision-induced dissociation (CID) can be used to finally elucidate the complete structures with high certainty. The postulated 1,2-phenyl shift as origin for the side reaction could be proven by changes in the minimum fragment sizes. A combination of CID and ion mobility spectrometry was applied for the first time to prove the cyclic nature of all molecules by the significant size increase upon ring opening. Thereby, also, more compact molecules were discovered in the gas phase with thus far unknown structures. Finally, the potential presence of numerous isomers could be ruled out by drift time measurements and molecular modeling together with theoretical collision cross-section (CCS) calculations. Surprisingly, only one defined structure could be assigned to each macrocycle in the homologous series, most likely as a result of natural selection rules driven by ring strain and steric hindrance. With a decreasing hydrogen content, the macrocycles undergo a stepwise transition from a cylindrical to conical shape. Overall, ion mobility mass spectrometry together with molecular modeling shows great potential to analyze unknown structures, especially in cases where structure determination by X-ray single-crystal analysis is not applicable.